Abstract
The genus Pontibacter of the family Cytophagaceae and the phylum Bacteriodetes, was first described by Nedashkovskaya et al. [1] with Pontibacter actiniarum as the type species. Members of this genus are aerobic, Gram-stain-negative, rodshaped, non-spore forming, motile or non-motile and possess phosphatidylethanolamine (PE) as the major polar lipid and MK-7 as the major respiratory quinone [1, 2] . At the time of writing there were 28 species of this genus with validly published names (www.bacterio.net/) and these have been isolated from marine coelenterate solar saltern, desert sand, sea water, forests, mountains, plant rhizospheres, pond sediments and a hexachlorocyclohexane dumpsite [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] .
In order to continue our efforts to classify the culturable [5, 8-10, 12, 13, 15-21] and non-culturable microbial diversity [22, 23] at the hexachlorocyclohexane (HCH)-contaminated dumpsite, a novel strain, NP1
T , was isolated from a soil sample collected from the HCH dumpsite at Ummari village, Lucknow, Uttar Pradesh, India (27 0¢ 24. 264 † N, 81 8¢ 57.58 † E). For this purpose soil samples were collected and serially diluted and plated on Luria-Bertani agar (LB, HiMedia) plates amended with nystatin (20 µg ml
À1
) and streptomycin (10 µg ml
) and incubated at 28 C for 2-3 days. An orange colony that appeared after 48 h of incubation was picked and purified by repeated streaking on LB agar and designated as NP1 T . In this study, we present the taxonomic characterization of NP1 T using the polyphasic approach [24, 25] .
The 16S rRNA gene sequence analysis of NP1 T was carried out using UNI16S-L, UNI16S-R, 8F, 341F, 786F and 1542R universal bacterial primers [8, [26] [27] [28] . Sanger sequencing was done using an ABI 3700/3730Â1 sequencer (Applied Biosystems) at the Department of Plant and Molecular Biology, University of Delhi, South Campus, New Delhi, India. Sequencing analysis version 5.5.1 (Applied Biosystems) and Clone Manager software, version 5 were used to manually assemble the sequences. Identification of the phylogenetic neighbours of the assembled 16S rRNA gene sequence of NP1 T (1459 bp) was performed using the BLASTN program [29] against the National Centre for Biotechnology Information (www.ncbi.nlm.nih.gov/) non-redundant database and also against the database containing type strains of species with validly published prokaryotic names and representatives of uncultured phenotypes [30] . The top 37 sequences belonging to members of the family Cytophagaceae with the highest scores were then selected for the calculation of pairwise sequence similarity using global alignment algorithm, which was performed using the EzTaxon e-server (www. ezbiocloud.net/eztaxon/; [30] T was used as the outgroup for the reconstruction of phylogenetic trees. All the selected sequences were aligned using CLUSTALX version 2 [31] . Sequence alignment was checked manually for quality and unaligned sequences were trimmed from the periphery. Phylogenetic analysis was performed using the MEGA software package version 7 [32] . The distance model of Jukes and Cantor [33] was used to calculate the evolutionary distance matrix and a phylogenetic tree was reconstructed using the neighbour joining (NJ) method of Saitou and Nei [34] (Fig. 1 ). The evolutionary relationship was also inferred using the maximum likelihood (ML) method [35] and the maximum parsimony method [36] (Fig. 1) . The robustness of the resultant tree topology was evaluated by bootstrap resampling analysis with 1000 replicates [37] . The topologies for all three methods (NJ, ME and ML) were congruent with respect to NP1
T clustering with other members of the genus Pontibacter.
Genomic DNA G+C contents were determined from the mid-point value (melting temperature, T m ) which was obtained graphically as the point of inflexion (mid-point) between lower and upper asymptotes of the sigmoid absorbance (A 260 ) curve of the thermal denaturation profile [38, 39] . It was done using a model 7500 Real-Time Thermalcycler (Applied Biosystems) located at the Central Instrumentation Facility, Department of Zoology, University of Delhi, Delhi, India. DNA from Escherichia coli K-12 was used as the standard. The DNA G+C content of NP1 T was 52.1 ±0.7 mol%, a value consistent with those of members of the genus Pontibacter [1, 2] .
P. odishensis JC-130
T , P. korlensis X14-1 T and P. virosus W14 T were obtained from our lab stock of type strains and P. litorisediminis YKTF-7 T was obtained from Korean Collection for Type Cultures (KCTC). DNA-DNA hybridization was performed by the fluorimetric method described by Loveland-Curtze [40] . The method combines spectrophotometric DNA reassociation kinetics as described by De Ley et al. [41] under consideration of the modifications described by Huß et al. [42] . The DNA-DNA hybridization values (%) were calculated using the equation published by De Ley et al. [41] . The model 7500 Real-Time Thermalcycler, also used for determination of the DNA G+C content, was used to measure renaturation. Each set of experiments was replicated five times. The highest and lowest values for each sample were excluded and the remaining three values were used for calculation of the mean level of DNA-DNA relatedness. The levels of DNA-DNA relatedness of NP1 T to P. odishensis JC-130 T , P. korlensis X14-1 T , P. litorisediminis YKTF-7 T and P. virosus W14 T were 44.9±0.6 %, 40.5±0.4 %, 34.4±0.7 % and 33.4 ±0.5 % respectively, which were well below the 70 % threshold accepted for species delineation [43, 44] . Thus, the results further indicate that NP1
T represents a novel species belonging to the genus Pontibacter.
Cell shape and morphology in exponentially growing cultures of NP1
T was examined using light (Eclipse E600; Nikon) and electron microscopy (Transmission Electron Microscope, TEM, 269D; Morgagni, Fei). Microscopic analyses revealed that cells of NP1
T are rod-shaped ( Fig.  S1 , available in the online Supplementary Material). Motility was tested and found to be positive by the hanging dropmethod and gliding motility as described previously [45] .
Growth of NP1
T was checked on different media. NP1
T showed optimum growth on LB agar, tryptic soya agar (TSA) and marine agar at 28 C within 36 h of incubation whereas limited growth was observed on nutrient agar (NA). No growth was seen on R2A agar and brain-heart infusion agar. Gram-stain testing was done using a Gram staining kit (HiMedia) and NP1
T was found to be Gramstain-negative. Kirby-Bauer antibiotic testing (KB testing or disc diffusion antibiotic sensitivity testing) [46] was used to perform the antibiotic sensitivity tests at 28 C on MullerHinton II agar (HiMedia) with varying amounts of antibiotics. The antibiotics (µg antibiotic per disc; in parentheses) tested were: amikacin (30), ampicillin (10), chloramphenicol (30) , ciprofloxacin (5), gentamicin (10), kanamycin (30) , nalidixic acid (30), penicillin-G (10), polymixin-B (300), rifampicin (5), oxytetracycline (30) , tetracycline (30) and vancomycin (30) . NP1
T was sensitive to chloramphenicol, ciprofloxacin, nalidixic acid, oxytetracycline, penicillin-G, polymyxin-B, rifampicin, tetracycline and vancomycin but was resistant to amikacin, ampicillin, gentamicin and kanamycin. Oxidase activity was tested using oxidase discs from HiMedia and N,N,N,N-tetramethyl 1,4-phenylenediamine reagent from bioMerieux. Catalase activity was tested by observing if bubbles were produced after addition of 3 % (v/v) hydrogen peroxide solution to colonies that had been grown on LB agar [47] . Citrate utilization was tested using Simmons citrate agar (HiMedia). NP1
T was observed to be oxidase-and catalase-positive but did not utilize citrate. Hydrolysis of Tween 80 was checked according to the protocol of Arden-Jones et al. [48] and hydrolysis of casein, gelatin, starch and aesculin was checked as described previously [49] . Degradation of hypoxanthine and xanthine was determined as described by Gorden et al. [50] . Assimilation of different carbohydrates was tested in basal media [50] . For detection of acid production by NP1
T from carbohydrate metabolism, bromocresol purple was used as a pH indicator. Other physiological and biochemical properties were determined using the API 20NE kit (bioMerieux) 
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according to the manufacturer's instructions. Results of these tests are presented in the species description and a comparative analysis of the differential characteristics of NP1
T and its closest neighbours is presented in Table 1 .
NP1
T was grown at 4, 15, 28, 37, 40, 45 and 60 C in LB broth (pH 7.4) in order to examine temperature tolerance (Table 1) . Salinity tolerance was determined in LB medium prepared by adding all components separately and supplementing with 0-10 % (w/v) NaCl at increments of 1 %. For measuring the pH range for growth, NP1
T was grown in LB broth at 28 C, after adjusting the medium to pH 1.0-11.0 (at intervals of 1.0 pH unit) using citrate/phosphate buffer or Tris/HCl buffer. Cell growth was checked by measuring the OD 600 . Salinity and pH tolerance tests were carried out according to the protocols of Arden-Jones et al. [48] at 28 C. NP1 T could tolerate up to 1 % NaCl, showing optimum growth at 28 C and pH 8.0-9.0. Polar lipids were extracted from 100 mg of lyophilized cell culture of NP1 T using 10 ml extraction solvent containing chloroform, methanol and 0.3 % NaCl (1 : 2 : 0.8, v/v/v). Extracted polar lipids were analysed by two-dimensional TLC using 9Â9 cm silica-gel F 254 plates (Merck) as described by Bligh and Dyer [51] . The solvent system used for the first direction was chloroform/methanol/water (65 : 24 : 4, v/v/v) and for the second direction it was chloroform/acetic acid/methanol/water (80 : 15 : 12 : 4, v/v/v/v). Aqueous primulin [1 % (w/v)] dissolved in acetone was sprayed on one of the dried TLC plates to detect the polar Table 1 . Differential morphological, physiological and biochemical characteristics of NP1
T and its closest neighbours belonging to the genus Pontibacter Strains: 1, NP1
T ; 2, P. odishensis JC-130 T ; 3, P. korlensis X-14-1 T ; 4, P. litrorisediminis YKTF-7 T ; 5, P. virosus W14 T . All data are from this study except for source of isolation, morphology and DNA G+C content. All the species are Gram-stain-negative, rod-shaped, catalase-and oxidase-positive and show gliding motility. All the strains cannot utilize D-ribose and sorbose as carbon sources and are positive for oxidation of N-acetyl-glucosamine. All five species are resistant to amikacin, ampicillin and kanamycin and sensitive to chloramphenicol, ciprofloxacin, nalidixic acid, oxytetracycline, rifampicin, tetracycline and vancomycin. +, positive; À, negative; S, sensitive: R, resistant. (28) pH range (optimum) 6-10 (8-9) 5-9 (6-7) 5-11 (7-8) 6-9 (7-8) 6-8 (7) Salinity range (optimum)
Hydrolysis of:
Utilization of:
Susceptibility to: lipids, followed by visualization under UV light [52] . A second TLC plate was sprayed with 10 % (v/v) phosphomolybdic acid for the detection of total polar lipids [53] followed by charring at 120 C for 15 min. Polar lipids appeared as dark green spots on a yellowish background. Additionally, a third TLC plate was sprayed with 0.2 % (w/v) ninhydrin reagent in absolute ethanol followed by heating at 120 C for 5 min to detect lipids containing free amino groups [54] . Polar lipids containing amino groups appeared as dark pink spots on a white background. Major polar lipids present in NP1
T were phosphatidylethanolamine (PE), unknown glycolipids (GL1-6), unknown aminolipids (AL1-3) and unknown phospholipids (PL1-4) (Fig. S2 ).
Quinones were extracted from 100 mg lyophilized cell mass using 10 % aqueous solution of 0.3 % (w/v) NaCl in methanol and petroleum ether (60-80 C boiling point) at a ratio of 1 : 1 (v/v) [55] . The upper phase was collected and dried in a rotavapor. The residue was dissolved again in 200 µl acetone (Merck) and elucidated by reverse-phase TLC (Silica-gel 60 RP-18F 254 S (10Â10 cm; Merck) using acetone/ water (99 : 1, v/v) [56] . The profile of NP1
T was compared with those of its phylogenetic neighbours as reference strains. MK-7 was found to be the only predominant respiratory quinone in NP1
T .
Polyamines were extracted as per the method of Busse and Auling [57] that was followed by one-dimensional TLC analysis. The extracted sample (10 µl) was loaded onto a TLC plate (Silica-gel 60 F 254 , 20Â20 cm; Merck) and was run using cyclohexane: ethyl acetate (3 : 2) as the solvent. The TLC plate was air-dried and observed under UV light for detection of polyamines. Identification of the polyamines was done by comparing R f values of the commercially prepared standards obtained from Sigma-Aldrich (Switzerland). *Summed features represent groups of two or three fatty acids that could not be separated using gas-liquid chromatography with the MIDI system. Summed feature 1 contains C 13 : 0 3-OH and/or iso-C 15 : 1 H; summed feature 3 contains C 16 : 1 !6c and/or C 16 : 1 !7c; summed feature 4 contains anteiso-C 17 : 1 B and/or iso-C 17 : 1 I; summed feature 9 contains iso-C 17 : 1 !9c.
Sym-homospermidine was detected as the major polyamine in NP1 T .
Fatty acid methyl ester analysis was carried out at Royal Life Sciences, Secundrabad, India. Standardization of the physiological age of NP1 T and its nearest neighbours was achieved by the usual protocol of the Sherlock Microbial Identification System (MIDI; www.microbialid.com/PDF/TechNote_ 101.pdf). For this purpose, each strain was grown on trypticase soy broth agar (HiMedia) for 24 h at 28 C. Fatty acid methyl esters were analysed from two to four loops of inoculum scraped from the third quadrant of a Petri dish which was then subjected to saponification, methylation and extraction using the methods of Miller [58] and Kuykendall et al. [59] . The fatty acid methyl ester from the mixtures was separated using the MIDI protocol and identification of the fatty acids was made using Aerobe TSBA 60 version 6.0 B database. The major cellular fatty acids in NP1
T were summed feature 4 and iso-C 15 : 0 ( Table 2 ). The fatty acid profile of NP1
T revealed qualitative and quantitative difference in comparison with the the profiles of closely related strains, further indicating that NP1
T represents a novel species of the genus Pontibacter (Table 2) .
On the basis of morphological, physiological, genotypic and chemotaxonomic characteristics, NP1
T is considered to represent a novel species of the genus Pontibacter, for which the name Pontibacter aurantiacus sp. nov. is proposed.
DESCRIPTION OF PONTIBACTER AURANTIACUS SP. NOV.
Pontibacter aurantiacus sp. nov. (au.ran.ti.a'cus. N.L. masc. adj. aurantiacus, orange-coloured).
Cells are Gram-stain-negative, aerobic, rod-shaped, motile, 0.9-1.5 µm in length and 0.6-1.2 µm wide. Growth occurs on LB agar, tryptic soya agar and marine agar but limited growth occurs on nutrient agar and no growth on R2A agar and brain-heart infusion agar. Colonies are orange in colour, slimy in appearance and appear after 36 h of incubation. Growth occurs at [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] C (optimum 28 C). Optimum growth occurs in 1 % NaCl and at pH 8.0-9.0. Catalase-and oxidase-positive. Hydrolyses aesculin, gelatin, starch, casein and Tween 80. Nitrate is reduced to nitrogen. Utilizes both xanthine and hypoxanthine. Indole production is negative. The type strain, NP1
T (KCTC 42943  T =CCM 8697  T =MCC  2931 T ) was isolated from a soil sediment sample contaminated with hexachlorocyclohexane, from Ummari village, Uttar Pradesh, India. The DNA G+C content of the type strain is 52.1±0.7 mol%. 
